Abstract-The recent demand of accessing online health information has increased sharply due to the mass production of information and their value strongly depends on the quality of information that is inside the content of the system. However, many of the online health information portals provide poor information quality for its users, and the main reason is that the information quality requirements weren't included at the earliest stages of the system development process. The objective of this research is to provide a literature review on frameworks that improves the implementation of information quality requirements. At least several recent papers were searched from various sources, between 2012 to 2017. The findings show that all frameworks include the information quality requirements during the earliest phases of the system development process through various methods, so mistakes are avoided during the ongoing stages of the process. The research gives a clear understanding for practitioners and administrators about the gaps in their content that should overcome and put into consideration.
I. INTRODUCTION
Accessing online health information are critical for users, as it can be accessible within minutes when searching information relating to healthcare, such as symptoms or diseases. Previously, this type of activity has been limited to making visits to a doctor/physician at a clinic or to a universityor government-sponsored medical library. Since its introduction, the demand of online health information has increased further following the growing use of web technologies, such as social networks, wikis, blogs and web forums.
Information quality is a very important tool for users to understand the reliability and authenticity of the content when accessing the system. The quality of the healthcare-related information is critical when applying in patient care, as well as monitoring the health service performance and its employees. To maintain good information quality, it is required to undergo several procedures during the system development lifecycle, as failure to follow it can cause some consequences, especially when users might be misled over the content that there are following.
Currently most online health information systems provide inaccurate and biased content because of the unreliable sources given to users [1] . Poor information quality has become a major concern as this causes some difficulties to the patient on whenever seeking health treatment. This is because the information quality requirements weren't introduced appropriately during the initial stages of the system development process [2] . By introducing the requirements earlier, this can help eliminating mistakes easily during development. In finding the most suitable technique to improve information quality requirements, this research find there are very limited studies in the area of health informatics. Hence, the objective of this paper is to make a review on the available information quality requirements frameworks available that can be adopted in this study.
Therefore, a literature review will be provided focusing on recent frameworks that implements the information quality requirements during development. The purpose of doing the review helps provide ways on improving information quality in online health information systems. The papers were obtained through scholar websites, research databases and journals focusing on Information Quality (IQ) and Information Systems.
II. LITERATURE REVIEW

A. Information Quality
Information Quality is the quality of content in information. It is defined in a broader term as the fitness for use of the provided information [3] , meaning that the information is in line with user tasks according to the context of information provided. The information must have clear purpose and generated under certain policies and procedures.
The similarities between "data" and "information" are used interchangeably (at the same time) or for different purposes [4] . Information is contextual in which processed data provides meaning and understanding to the people while data considers as a raw number of facts [5] , [6] . Table I shows the 14 dimensions introduced by Wang & Strong that captures and defines the information quality requirements and is divided into four attributes [7] . [7] Attribute Dimensions Intrinsic Accuracy, believability, objectivity and reputation
Contextual
Amount of information, completeness, timeliness, relevance and value-added Representational Coherence, compatibility, format and interpretability Accessibility Accessibility and access security
B. Requirements Engineering
Requirements engineering is a process of defining, capturing, documenting and maintaining the system requirements specifications that originates from the context and is used based on the user's needs. This process is usually applied in a large and complex system [8] . The requirements engineering process handles issues on the requirements throughout the system lifecycle [9] . Furthermore, it is performed during the earliest stages of the system development lifecycle, as the quality of the process and its deliverables are important to the following phases of the project and impact the production of a product. This is because the requirements engineering process has the most dominant impact on the capabilities of the resulting product [10] [11] .
Requirements engineering involves a set of activities for discovering, analyzing, documenting, validating and maintaining a set of requirements for a system and is divided mainly into two groups of activities; such as, requirements development and requirement management [12] . The requirements development technique refers to discovering, analyzing, documenting and validating requirements, while requirements management includes activities related to traceability and change management of requirements. The requirements development technique consists of two activities. Firstly, to confirm that the system being developed meets its technical specifications and secondly to perform requirements validation, which is to confirm that the behavior of a developed system meets its user needs [13] .
C. Information Quality Requirements Engineering
Most requirements engineering works focuses on the functional requirements of a system. Information quality being part of the non-functional requirements has not been given much emphasis during the early stage of a system development. Information quality is being treated as a technical issue whenever the information delivered by the system does not fit the user requirements [14] . Hence, information quality requirements engineering is crucial for capturing, documenting, monitoring and controlling the information quality requirements specification at earliest stage of system development. The purpose of information quality requirements engineering is to ensure that for every functional system requirements designed, should also capture and document the information quality requirements mapped to it. Therefore, understanding the actual purpose of information usage against the functional systems requirements specification involves understanding the needs of users [15] , [16] .
A successful requirements engineering model involves understanding the needs of users, customers, and other stakeholders and also understanding in which the developed system will be used. When developers consider the functional system design, they must be involved with the implementation of information quality requirements [17] , [18] , [19] . The requirements engineering process will provide better quality insights of the progress. Therefore, it is important to provide better information quality requirements when developing a successful system [20] .
III. METHODOLOGY
A. Search process
The recent papers on the framework particularly were mainly searched through scholar websites (Google Scholar, IEEExplore, ScienceDirect, Elsevier and Research Direct, Springer) and journals focusing on Big Data, Information Quality or Information Systems. To avoid articles that are incompetent for this research, an advanced search tool was used for better results and was limited to the past 5 years.
B. Boolean method
For better results, the Boolean method helps combine keywords with operators or modifiers, such as AND, NOT and OR. Figure 1 shows the following keywords used for searching the articles. As recently mentioned in the previous section, both "data" and "information" can be used interchangeably during the research. 
IV. RESULT AND DISCUSSION OF THE FRAMEWORKS
This section will discuss the recent frameworks that implements information quality requirements during the early development phase. Moreover, Table II of the Appendix section of the paper provides a literature review table that provides research outcomes, the studied IQ dimensions and requirements engineering activities involved.
A. Cloud-based information quality framework
[21] created a cloud-based information quality framework for defining information quality requirements on health information systems and electronic health records (EHRs). This framework focuses on cloud computing because the author indicated that cloud-based online health information systems reduce costs and improves accessibility. Furthermore, cloud computing is considered as a promising level for health information systems.
It collects the
This author provided clear and understandable definitions on each dimension of the framework. They cover features relating health information systems. However, the format is too simple and requires expansion that improves IQ requirements in a better way. These can include by conducting an interview with stakeholders that can provide significant ideas or suggestions to the developer. [22] introduced the general explanatory methods framework with the purpose of focusing the IQ requirements identification approach and its techniques are based on observations and investigations through information sets. The generic exploratory method is a user-centric analysis method that analyzes IQ requirements based on organizational structures and information governance.
B. Generic exploratory methods framework
The information was examining through a combination of systematic manual observations and SQL queries as the means of practical information quality exploration and making it easier to understand and conduct. Then it is formulated with modern semiotics, in which three levels are studied (syntactic, semantic and pragmatic) for examining the relationship between representation and interpretation of the information.
Two semiotic levels (syntactic and semantic) correspond with objective quality measures, while the pragmatic level connects with subjective quality measures. These levels then transfer into development for defining information quality requirements and is processed in four stages.
First, the preparation stage formats the available documentation of the information set. Then the syntactic and semantic stage undertakes a systematic assessment of the syntactic and semantic IQ of an unaware information set. Furthermore, problems are investigated relating to the system, such as uniqueness, structural consistency and referential integrity. Finally, the requirements identification stage creates a concrete set of IQ requirements for improving IQ and in other areas such as, awareness of IQ, information cleansing and IQ enforcement tasks.
C. Metric-based information quality analysis framework
[23] created a metric-based IQ framework analyzing inherent information quality characteristics. The GoalQuestion-Metric approach inside the framework proposed various metrics that identifies each quality dimensions founded through literature reviews. It defines a set of goals for specifying the purpose of measurement, the measured object, measurement issues, and viewpoints from which the measurement is to take place.
The refined goals convert into positive questions while metrics are evaluated through theoretical validation and empirical observation methods. Using these methods help capture the requirements and eliminate poor information quality. However, the author has identified only one limitation regarding the effectiveness of the subjective nature of expert options during analysis, which might be inconsistent in some cases and requires improvement.
D. DAQ-UWE framework for Web applications
The DAQ-UWE framework [24] proposes several methodological and technological methods that designs IQ aware Web applications. The extended metamodel suggests the concepts and relationships of Web Engineering. It was able to define UML profiles for Web Application Design (UWE) focusing systematic design, personalization and semiautomatic generation. The UML profile has also incorporated the aspects of managing IQ during the development and designing stage through various UML class diagrams.
Key elements relating to IQ are modelled during the design stage of Web application development. The UWE outlines special views that graphically represent each UML class diagrams (navigation, presentation, process and content). The proposed set of mapping rules attains a better understanding on the usability of each new IQ element.
E. DQ-WebRE framework for Web applicaitons
The DQ-WebRE framework [25] captures information quality requirements for web applications through the Model Driven Architecture (MDA) and Model Driven Web Engineering (MDWE) approach and is very similar from [24] . It provides a metamodel containing the required key concepts for specifying the requirements, such as use cases of navigation and Web process, specific activities and structural elements.
To allow the usability of the framework on available IDEs (Integrated Development Environment) during the development process, the author includes a UML profile that implements the requirements inside Web applications and extends with IQ issues. The UML profile defines relationships and representations of the WebRE metamodel and uses stereotypes or constraints. The newly proposed stereotype elements inside the UML profile are classified together and defined according to the base class.
F. ST (Socio-technical)-IQ Requirements Engineering
framework [14] introduced a requirements engineering framework illustrating the methodology and concepts for capturing information quality requirement during the system development process. The framework captures the social and organizational context inside the system by modeling actors together with their objectives, entitlements and capabilities. The information quality needs are reasoned at every phase of system development to integrate with the functional aspect of the system based on the actual information use
The engineering methodology stage includes three main stages (modeling, analysis and specifications) that compose into several activities. By examining this stage, the author describes each of the process that offers all the available methods and activities for capturing requirements in any system. Furthermore, these processes are considered iterative and are repeated continuously until the target is reached or complete. It must be understood that the iterative process helps generate the product very quickly and avoids mistakes in the aftermath by detecting problems during the development process. This framework has been tested in the U.S stock market application and yet to be tested in another environment.
Based on the review above, the IQ requirements needs are not captured appropriately during system development. For example, even though the IQ dimensions are defined during the early stage of system development such as in [21] - [23] , however the dimensions are by the system functional design. None of these frameworks shows they are capturing and reasoning the relation and actual use of the information in the context of human and organizational aspects. At the other hand, it was found that [14] , [24] , [25] seems to be sufficient as to capture the IQ needs by modeling the IQ requirements using metamodel. Metamodel can be used as an artifact that able to help designer in tracing the IQ needs with system functional aspects. However, frameworks by [24] , [25] ignore the IQ goals and needs by reasoning the IQ requirements at different phases of the system development as in [14] . Human aspect, which is the actual use of the information by the users are introduced by [14] while implementing the IQ requirements at every phases of the system functional design until reach its operational definitions.
Therefore, framework by [14] seems essential to be adopted for our research as online health information is complex and involves many stakeholders. Furthermore, any information provided by the online health information must fit the social aspects and needs. Thus, the IQ goals and needs from the users are important to capture and to reason during the early stage of system development. Most frameworks fail to relate the IQ needs and system functional requirements based on actual information use.
V. CONCLUSION
This paper reviewed several recent frameworks on capturing the IQ requirements during the system development process. Most frameworks capture the IQ requirements during the requirements analysis or requirements definition phase, however do not include the actual IQ needs based on the user's goal to confirm the actual use of the information. On the other hand, there are frameworks that can be used to improve the content of online health information, so that users will no longer mislead with the information that they are following up to. This review gives a clear understanding on way to improve online health information and should be put into consideration. Evaluates the validity of the results generated from the framework.
APPENDIX
Reveals the extent to which the generated requirements align with actual requirements.
[23]
Metrics-driven quality framework Semantic and syntactic accuracy, accuracy, uniqueness, completeness and consistency
Requirements management
Faces inconsistency issues in some cases
Framework can also be used in third party applications or mashups.
Considers the various needs of stakeholders.
